We undertook an investigation of the possible use of isoelectric focusing in polyacrylamide gel (7) to obtain increased resolution of urinary proteins for diagnosis of renal malfunction after exposure to cadmium.
Material and Methods

Urine samples
were obtained from workers exposed for various times and to various concentrations of cadmium.
Occupationally unexposed persons provided control specimens. Samples from patients with glomerulonephritis, systemic lupus erythematosus, pyelonephritis, uremia, and from one patient with the Fanconi syndrome (tubular malfunction) were studied. Sodium azide at a final concentration of 1 g/liter was used as a preservative.
To each 10 ml of urine, 0.5 ml of phosphate buffer (0.2 mol/liter, pH 7.5) was added to increase the pH to more than 6.5, to give a final 20-fold concentration.
Creatinine was determined by a modification of the Jaff#{233} reaction (9). (7). However, the "Ampholine" (pH 8-10) was replaced by the same volume of Ampholine (200 g/liter, pH 9-11) to obtain a gradient in pH from 3 to 10. The following mixture was usually used: Ampholine (LKB-Produkter, 169 25 Bromma, Sweden)
for pH 3-10, 2.8 ml; for pH 9-11, 0.4 ml; for pH 4-6, 0.2 ml; and for pH 5-7, 0.2 ml; and 10 ml of a stock solution of acrylamide 302.4 g/liter and 'An apparatus for this is now available from LKB-Produkter. bisacrylamide 12.5 g/liter, to which was added 46 ml of distilled water in which 7.5 g of sucrose was dissolved. After de-aeration under reduced pressure for 3 mm, 0.8 ml of a riboflavin solution (4 mg/100 ml of water) was added. By this means a gel was obtained with T = 5% and C = 4%,2 measuring 11.5 X 24.5 cm and 0.2 cm thick. The acrylamide and bisacrylamide were purchased from British Drug House, Poole, England, and used without further purification. The stock solutions of acrylamide and riboflavin could be stored for one week and one month, respectively, if kept in the dark at 4 #{176}C. For studies of certain proteins, narrow pH-range gels covering two pH units were prepared. To get a pH-range especially suitable for resolving the proteins focusing close to $2-microglobulin, we made the gel with Ampholine, pH 5-7, 3.2 ml, and pH 3-10, 0.4 ml, instead of the Ampholines mentioned above.
Concentrated
and unconcentrated urine samples were applied by soaking up to 0.1 ml into pieces of chromatography paper (1.0 X 0.8 X 0.1 cm) and placing them close to the cathode. Amounts of purified f32-microglobulin between 0.1 ig to 5 gg were applied to gels as standard reference markers.
The potential was increased successively during the experiment such that the electrical load never exceeded 45 W, so that 1000 V was used as the final voltage during the last 30 mm (11) . By using this procedure, focusing was complete in 80 mm for the. 
Results
A typical result of isoelectric focusing in a wide pH range is shown in Figure 1 . At least six protein zones could be seen in samples from "normal" occupationally unexposed persons. The pH-course, as estimated with a surface pH electrode (7), is shown in Figure 2 .
The zone in the urinary patterns corresponding to j32-microglobulin was easy to recognize in the gels for high resolution-i.e., covering two pH units-as shown in Figure 4 . The pH-course in this type of gel is shown in Figure 5 . The best estimate of 132-microglobulin was obtained when the zone width in centimeters was multiplied by the maximum absorbance 
.
value ( Figure  6 ). The amount of f32-microglobulin varied slightly from person to person, but was usually within the range 90 to 180 pg/liter or 60 to 110 ig/g creatinine.
In the urine of persons with a history of cadmium exposure over many years, f32-microglobulin concentrations of four to 60 times the normal range were seen. Urine from patients with nonselective glomerulonephritis and nephrosis very often showed more than 30 protein zones ( Figures  1 and  3) . We believe that the lower the degree of selectivity, the higher is the number of protein zones found. 
